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SupraspinatusAbstract Objective: To evaluate the sensitivity, speciﬁcity and diagnostic accuracy of ultrasonog-
raphy (US) and magnetic resonance imaging (MRI) in evaluating suspected supraspinatus muscle
injury compared with surgery.
Subjects and methods: One hundred patients underwent both US and MRI for their shoulders due
to shoulder pain. Forty patients with non-improved symptoms underwent surgical exploration. We
compared the sensitivity, speciﬁcity and accuracy of US and MRI for detection of supraspinatus
pathology, using surgical ﬁndings as ‘gold standard’.
Results: Study included 40 patients (27 men and 13 women, age range from 20 to 68 years). US had
sensitivity, speciﬁcity and accuracy of 92.3%, 92.6% and 92.5%, respectively in diagnosing partial
thickness tears (PTT); 92.6%, 94% and 95%, respectively in diagnosing full thickness tears (FTT).
MRI had sensitivity, speciﬁcity and accuracy of 84.6%, 92.6% and 90%, respectively in diagnosing
partial thickness tears (PTT); 100%, 88.2% and 95%, respectively in diagnosing full thickness tears
(FTT). There was no statistically signiﬁcant difference between the two techniques on one hand and
surgery on the other hand in detecting both PTT and FTT.
Conclusion: US and MRI yield high sensitivity, diagnostic accuracy in detecting FTT. Regarding
PTT rotator cuff tears both tests were less sensitive.
 2013 Production and hosting by Elsevier B.V. on behalf of Egyptian Society of Radiology and Nuclear
Medicine. Open access under CC BY-NC-ND license.
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Rotator cuff tear is a common condition affecting the shoulder
and its incidence increases with advancing age (1,2). The
supraspinatus tendon is the structure most frequently involved.
Any tears of the rotator cuff most often begin in the
supraspinatus.
The diagnosis of tears is often difﬁcult because the intensity
of clinical ﬁndings does not correspond to the severity of the
lesion (3,4).
One of the most common imaging modalities for assessing
the rotator cuff tendon is magnetic resonance imaging (MRI).
It can reliably identify and characterize the rotator cuff tendon
tear (5).
Ultrasound imaging has become a popular modality for
evaluating rotator cuff pathology because of its low cost and
noninvasive nature. It has proven to be quite reliable in iden-
tifying the presence of a tear, even during the postoperative
period (6–9).
Although many investigators have evaluated the accuracy
of US or MRI separately for the detection of partial thickness
(PTT) and full-thickness (FTT) rotator cuff tears, some have
directly compared the two tests for the detection of full-thick-
ness tears (10,11), partial-thickness tears or partial-thickness
and full-thickness tears (12,13), but most with a relatively
small number of patients (14,15). In a systematic review of
the diagnostic accuracy of clinical examinations with US and
MRI in the detection of full-thickness and partial-thickness
rotator cuff tears, Dinnes et al. at 2003 showed that US and
MRI have comparably high accuracy for the detection of full
thickness tears (16).
In patients unresponsive to non-operative measures, surgi-
cal treatment of supraspinatus tears provides satisfactory func-
tional and anatomical outcomes (17–20). Surgical repair of
rotator cuff defects focuses on recreating the anatomy of the
intact rotator cuff with tension-free reinsertion of the torn ten-
dons to achieve tendon healing and painless recovery of shoul-
der function (21–23).
The purpose of this study was ﬁrst to evaluate the need for
additional MRI following US of the shoulder and secondly to
evaluate and compare the accuracy of US and MRI for the
detection of partial-thickness and full thickness supraspinatus
tears with surgery as the reference standard in a selected group
of patients.
2. Patients and methods
In the time period between February 2009 and October 2012,
one hundred patients with shoulder pain were examined with
US and conventional MRI. The indications to perform MRI
following US were non improving clinical symptoms and sus-
picion for having intraarticular pathology.
Because we used surgery as a gold standard for our study,
we carried our study only on the 40 patients who underwent
surgery due to non improvement of their symptoms or due
to suspicious or deﬁnitive ﬁndings in the ultrasound or MRI.
We did not include those patients who did not undergo surgery
due to disappearance of symptoms.
The study included 27 men and 13 women whose ages ran-
ged from 20 to 68 years (mean age 54.6 years); none of our pa-
tients had previously undergone shoulder surgery.All MRI examinations were performed and evaluated by
the same radiologist; all dynamic US were performed and eval-
uated by another radiologist. The reports were made by each
reader without knowledge of the results of the other imaging
method.
Ultrasound examinations were done using ultrasound ma-
chines (General Electric Logiq 5, linear probe 12.0 MHZ).
During examination, patients were seated on a stool and ultra-
sound of the shoulder started with a transverse and longitudi-
nal image of the bicep tendon within the bicipital groove. Next,
longitudinal and transverse scans of the subscapularis tendon
are made with the patient’s arm externally rotated.
Images of the supraspinatus tendon are made with the arm
in internal rotation in order to expose as much of the supraspi-
natus tendon as possible from beneath the acromion. This po-
sition is best achieved by placing the patient’s arm behind his
back. The supraspinatus tendon scanned perpendicular and
parallel to its ﬁbers.
The thickness and echogenicity of the tendon, the segmen-
tal or complete loss of rotator cuff substance, the presence and
amount of joint and bursal ﬂuid, the loss of convex contour of
tendon on the bursal side, and greater tuberosity changes are
observed.
In addition MRI examinations were performed with a 1T
MR Imaging unit (Intera, Philips Medical Systems, Neberland
B.V) and one surface coil was used. Examinations were done
with the shoulder in external rotation, because this anatomic
position optimally orients the supraspinatus tendon parallel
and perpendicular to the oblique coronal and oblique sagittal
imaging planes.
The conventional MRI shoulder protocol consisted of obli-
que coronal T2-weighted with fat suppression (2.48 min) and
T1-weighted turbo spin echo images (5.58 min), oblique sagit-
tal T2-weighted turbo spin echo images with fat suppression
(2.36 min) and transverse T1-weighted turbo spin echo images
(4.52 min), coronal PD with fat suppression. A ﬁeld of view of
16 cm was used, the slice thickness was 3 mm, the imaging ma-
trix was 320 · 224, and three signals were averaged for each
pulse sequence. Established criteria were used for the diagnosis
of a partial-thickness or full-thickness rotator cuff tear (24).
3. Surgical technique
Surgery was indicated whenever there was pain or loss of func-
tion after conservative treatment for 6 months, the presence of
a partial- or full-thickness tear by MRI and US, and no cuff
arthropathy. All patients were operated under general
anesthesia.
The surgical procedure is performed through open arthrot-
omy. The patient is placed in a semi-sitting posture and the
shoulder and arm are prepared in the usual sterile manner.
The deltoid muscle ﬁbers are split from the anterolateral acro-
mion several centimeters distal, and the deltoid is dissected off.
The anterior acromion is beveled with an osteotome, power
burr, and hand rasp. The inferior portion of the acromioclavic-
ular joint is smoothed to remove prominent inferior osteo-
phytes. Thickened or ﬁbrotic bursal tissue is removed to
visualize the superior portion of the rotator cuff. Debridement
of the necrotic rotator cuff tissue is performed and inspection
of intact tissue follows. The greatest dimension of each rotator
cuff tear was intraoperatively measured. Torn tendons were
Table 2 Sensitivity, speciﬁcity and accuracy of US and MRI
in detecting partial and complete tears.
Sensitivity Speciﬁcity Accuracy
PTT (%) FTT (%) PTT (%) FTT (%) PTT (%) FTT(%)
US 92.3 92.6 92.6 94 92.5 95
MRI 84.6 100 92.6 88.2 90 95
Fig. 1 Coronal STIR (a) and sagittal PD fat sat. (b) Images for the shoulder show FTT of the supraspinatus tendon (short arrow) with a
ﬂuid ﬁlled gap (arrowheads).







Surgery 13 23 2 2
MRI 13 25 1 1
US 15 23 1 1
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to the greater tuberosity (Fig. 1).
4. Results
We used surgical ﬁndings as the gold standard in detecting
supraspinatus tendon pathology in comparison with the ultra-
sonography and MRI ﬁndings.
According to the surgical ﬁndings, there were 13 partial
tears (32.5%) (5 bursal and 8 on the articular side). 23 com-
plete tears were detected during surgery (57.5%). Two cases
of tendinosis and two cases of calciﬁc tendinitis were diagnosed
at surgery.
Regarding complete full-thickness tears, ultrasound cor-
rectly diagnosed 23 cases of such tears, and agreed with sur-
gery in 22 of them as one case of focal FTT was in fact a
partial thickness tear during surgery.
Ultrasound detected 15 cases of PTT, and correctly diag-
nosed 12 of them. One case of extended PTT was wrongly
diagnosed as FTT by ultrasound, two cases of calciﬁc tendon-
itis and tendensosis were wrongly diagnosed as partial intra
substance tear by ultrasound.
MRI detected 25 cases of FTT and agreed with surgery in
23 of them. Two cases of PTT were wrongly diagnosed as focal
FTT by MRI.
MRI correlated with surgery in 11/13 partial tears, MRI
wrongly diagnosed two cases of tendenosis and calciﬁc tendon-
itis as PTT.
MRI, US and surgical ﬁndings in the 40 patients are sum-
marized in Table 1.
Sensitivity, speciﬁcity and accuracy of US and MRI in diag-
nosing partial and full thickness tears are given in Table 2.
There was no statistical signiﬁcant difference between MRI
and US on one hand and surgery on the other hand in detect-
ing PTT (p= 0.5 and 0.35) and FTT (p= 0.38 and 0.5).
5. Discussion
Tears of the supraspinatus tendon occur more frequently than
in other rotator cuff tendons (13,25). Partial-thickness tear(Fig. 2) is much higher on the undersurface of the supraspina-
tus tendon and this is partially due to the hypovascularity
which has been observed near the insertion of the supraspina-
tus tendon, especially on its articular side (26).
Both US and MRI can conﬁrm a suspected full thickness or
partial-thickness rotator cuff tear. Both techniques have their
advantages and disadvantages, and can be competitive and
complementary at the same time. Both of them are widely used
for the evaluation of pathologic conditions of the rotator cuff
and essentially obviate conventional arthrography (27).
Both MRI and US have high reported accuracies for the
detection of complete tears but more disparate results for
detection of partial tears (27).
The most speciﬁc sign of a full thickness tear is visualization
of a complete defect in the tendon, extending from the articu-
lar surface completely through to the bursal surface (Figs. 3
and 4). This defect is usually ﬂuid signal intensity as it is ﬁlled
with ﬂuid, organizing granulation tissue, myoﬁbroblastic
proliferation, chondroid metaplasia and/or hemorrhage.
Fig. 2 Coronal (a) and sagittal (b) STIR images for the shoulder show abnormal hyperintense signal (arrowheads) at the most distal part
of the supraspinatus tendon that was proved to be PTT.
Fig. 3 Coronal PD fat sat (a) and STIR (b) images for the shoulder show abnormal hyperintense signal (arrowheads) at the distal part of
the supraspinatus tendon that was proved to be tendenosis.
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most common (28).
Rutten et al. (29) evaluated 46 of 80 patients with shoulder
pain using conventional MRI only and reported sensitivity and
accuracy of 100%, 98%, and 93%, 92% for detection of FTT
and PTT respectively.
Pitfalls of MR imaging include the magic angle effect and
normal ﬁber interdigitation. Tendons that course at or near
the magic angle of 55 exhibit markedly augmented signal
intensity that is most pronounced with short-echo-time se-
quences (30). The supraspinatus tendon is particularly vulner-
able, since it curves along its course between the
musculotendinous junction and its insertion on ﬁbrocartilage
(31), this may explain the two cases of partial tears that were
wrongly diagnosed as PTT by MRI.US has been established as an effective imaging method in
the evaluation of the rotator cuff. Speciﬁc US criteria have
been used to correctly diagnose rotator cuff tears (32), these in-
clude nonvisualization of the rotator cuff or focal tendon de-
fect to indicate a full-thickness tear, ﬂattening of the bursal
surface to indicate a bursal side partial-thickness tear, and a
distinct hypoechoic or mixed hyper- and hypo-echoic defect
at the articular surface to indicate an articular side partial-
thickness tendon tear (33).
Pitfalls of US imaging commonly encountered during
examination of the rotator cuff are attributable to anisotropy,
calciﬁc tendinitis, complex anatomy in the region of the rotator
interval, and tendinous interdigitation. This can explain the
two cases of calciﬁc tendonitis and tendenosis that were
wrongly diagnosed as PTT by ultrasound. Also this can
Fig. 4 Ultrasound images for the shoulder (a) shows increased thickness of the right supraspinatus muscle compared with the left one
that was proved to be tendenosis. (b) Is an ultrasound image for a different patient shows complete tear of the muscle tendon with
retraction and ﬂuid ﬁlled gap.
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tended PTT by US.
Rutten et al. (29) evaluated 5216 patients with shoulder
pain, 275 of these patients had MRI and 80 of these 275 pa-
tients had surgery, for MRI they revealed a sensitivity and
accuracy of 100% and 94%, respectively for detection of full
thickness tear, and sensitivity and accuracy of 64% and
84%, respectively for partial tear, for US, they revealed a sen-
sitivity and accuracy of 95% and 94%, respectively for detec-
tion of full thickness tear, and sensitivity and accuracy of 89%
and 81%, respectively for partial tear. Our results were nearly
comparable with these ﬁndings regarding the full thickness tear
where MRI showed a sensitivity and accuracy of 100%, and
ultrasound revealed a sensitivity and accuracy of 90% and
81%, respectively. For MRI and regarding FTT, our study
showed sensitivity, speciﬁcity and accuracy of 100%, 88.2%
and 95%, respectively, for PTT, MRI had sensitivity, speciﬁc-
ity and accuracy of 84.6%, 92.6% and 90%, respectively. For
ultrasonography and regarding FTT, our study showed sensi-
tivity, speciﬁcity and accuracy of 95.6%, 94% and 95%,
respectively, for PTT, MRI had sensitivity, speciﬁcity and
accuracy of 92.3%, 92.6% and 92.5%, respectively.
Waldt et al. showed that the diagnosis of small partial-
thickness tears is restricted because of difﬁculties in the differ-
entiation among ﬁber tearing, tendinitis, synovitic changes and
superﬁcial fraying at tendon margins (34).
In summary, in patients with shoulder pain our study estab-
lished that US and MRI yield comparably high sensitivity,
diagnostic accuracy in detecting full thickness supraspinatus
tears with no statistically signiﬁcant difference between the
two techniques and surgery. However in detecting partial-
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